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Abstract: We study Dl-brane in AdSs x 53 K-deformed background with non-trivial 
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1. Introduction 

The recent developments in the field of higher-dimensional extended objects have led to the 
deep understanding of the superstrings and supergravity theories. D-branes have been by 
now well understood both from the conformal field theory (CFT) and from the geometric, 
target-space viewpoint Such hyperplanes are dynamical rather than rigid and they are 
defined by the property that open strings can end on them |Q. The incorporation of such 
D-branes permits to argue that the different types of string theories are different states of 
a single theory, which also contain states with arbitrary configurations of D-branes. The 
dynamics of Dp-brane is governed by the action 

S = Sdbi + Swz, (1-1) 

where Sdbi is Dirac-Born-Infeld action 

S = -Tp J dP^^ae~‘^^-det{gai3 + bap + 27ra'F„^) , (1.2) 

and Swz is Wess-Zumino action of the form 

Swz = Tp [Y, , (1.3) 

n 

^For review and extensive list of references, see for example [^, 
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where = 0,... ,p label world-volume of Dp-brane, ^>(x) is the dilaton and gapibap 

given in (|1.2| ) are the pull-backs of the target space metric and the NS-NS two form field 
to the world-volume of Dp-brane 


gap = dMNdaX^dpx^^ , hap = ^MNdaX^'^^ dpX 




Mi 


„N 


(1.4) 


where (a) are embedding coordinates of Dl-brane. Finally, F^p = daAp — dpA^ is 
the field strength for the world-volume gauge field Aa- The coupling of Dp-brane to 
the Ramond-Ramond fields is expressed through the Wess-Zumino term o where it is 
understood that expressions given there are forms and the multiplications between them 
have the form of the wedge product. 

Motivated by the recent surge of interest in finding out the dualities in D-branes and 
fundamental strings bound states in anti-de Sitter space and gaining more insight into 
CFT, we study in this paper the dynamics of Dl-branes described by Dirac-Born-Infeld 
action and Wess-Zumino terms. The corresponding target-space geometries are three- 
dimensional K-deformed AdS^ x space-time. Very interesting class of deformations of 
target space-time have been introduced in 122, that preserve the integrability of the two- 
dimensional quantum field theory on the world sheet In the K-deformed anti-de Sitter 
background model, the metric is a direct sum of the deformed AdSn and 5” parts and could 
be truncated from the ten-dimensional metric to K-deformed AdS^ x 5^ for example Q . The 
presence of the deformation parameter k introduces new interesting results that reproduce 
the ordinary undeformed case in the limit k ^ 0 as in |p. Hence, it is interesting to study 
the dynamics of Dl-brane in given background as well. In fact, recently a one-parameter 
model of the AC-deformed background AdS^ x with non-trivial Ramond-Ramond (RR) 
forms and dilaton was proposed in |Q]. A remarkable property of given background is that 
it depends on parameter a where it is presumed that a is a particular function of k while the 
full solutions were constructed for the special values a = 0 and a = 1 only. In our present 
work, we will use these one-parameter backgrounds to analyze static and time-dependent 
solutions of Dl-brane equations of motion in the background with non-trivial dilaton and 
with RR fields. Our analysis will reveal subtle features. Specifically, for the k deformed 
AdSs background with a = 0 we will show that Dl-brane does not see the presence of the 
singularity of the At-deformed background and can reach p ^ oo limit. We also find that 
the static solutions are very simple deformations of the static solution known as AdS Dl- 
brane in AdS^ background with RR flux. Since such a solution has not been found in the 
global coordinates before we present this result in the Appendix A. Moreover, Appendix B 
exhibits static solutions of pDl-branes in AdS^ space-time with non-trivial B^s held. The 
case of {l,q) string was analyzed previously in ||T^, but we provide an extended analysis 
here for the (p, q) string in order to see the S-duality between given solution and the static 
Dl-brane solution in undeformed AdS^ space-time with Ramond-Ramond fields. 

We also consider static and time-dependent solutions of Dl-brane equations of motion 
for the K-deformed background when the value of the parameter a is equal to 1. In this 
case we find Dl-brane cannot cross the singularity Pc = ^ and we also find that the static 
solutions is more complicated than in case a = 0. 

^For further works, see i 10 i 11 0 0 H 0 il. 0 ■ 
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The plan of this paper is as follows: In section @ we will consider static Dl-brane in 
the K-deformed background AdS^ x Q. We study the solutions of the corresponding 
equations of motions and discuss the possibility of the ZDl-brane to reach the p ^ oo limit 
of the deformed AdS^ x space. In section (^) we consider a time-dependent ansatz. In 
conclusion (Q) we present summary of our results and their possible extension. Finally, 
some details of the calculations are summarized in the appendices. In appendix we 
find static Dl-brane solutions in non-deformed AdS^ x background with non-trivial 
RR fields. In appendix (^, we find static solutions of pL>l-branes in non-deformed AdS^ 
space-time with non-trivial held in global coordinates which is simple generalization 
of the solution found in ||T8| . 


2. Dl-brane in ^-Deformed Background 


In this section, we will study time-independent solutions of the equations of motion that 


follow from D-brane actions (^) and (O) in case when Zll-brane is embedded in n- 
deformed AdS^ x background iR] that has the form 


ds^ = 






1 + ^2^; L 


LV 1 + ^j 

dr‘^ 


+ pW + 


V+i_ 


r2 

TA] 




( 2 . 1 ) 


with non-trivial dilaton and Ramond-Ramond helds 




a = 0 = 


= 


L1 -( k |^)2 


[p^{dt + Khdip) A {dx + Kj^dil^) — r‘^{Ld(f — ndt) A {dijj -|- K^dx)] 


L2 


1 - 2 $ 
a = 1 : e = 


[l + 4(r2-p2 + r2p2)]2 ’ 


= 


TA 

y/l + K? 


L(l + f;(r2-p2+p2^2)) 


[p^dt A dx + ~ + Y2iP''")‘^]dt Adcp + 


+ /\d'tp — r'^Ldip A dtp] 

IJ 


( 2 . 2 ) 


where L is the inverse curvature scale. Consider Dl-brane in given background whose 
dynamics is governed by the action 

S = -Tdi J d^ae~^■ sJ- detpap - {2'Ka'YF^^+ Tdi J d^aC^^j^drX^daX^ . (2.3) 
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Generally, the equations of motion for that follow from given action have the form 

gMNdpx^ 


-d. 


Tnie 


+ TDie -detgap - {2T^a'YF^^ + 


^-deigap - i2TTa’)^F^^ 

+ + TmdMCP^drX^d„x^ - ToMe^^C^SN^px^] = 0 , 

2 ^/-deigo,p - {2'Ka'yF^^ 

(2.4) 


where = —e^'^ = 1. On the other hand the equation of motion for implies 

e~^ {2T:a'yFra 


Tdi 


\/-detgap - {27ra’yF^^ 


= n 


(2.5) 


where 11 is constant that counts the number of fundamental strings. Using this result, we 
express Fra as 


{ 2 TTa')Fra = 


n 


d^tg^p 


27ra' 


( 2 . 6 ) 




Then the equations of motion (^) simplify as 
Tnida 


J- Z7 


e-2'*‘ + -^iFgMNdpx^ gl^°' 


'-Di 




■sj detg'o-yj 


/w2 „-2^ I 

y^DF ^ (27Ta') 


Tdi 


T‘i 

T-ll 


2 '!’ + -^iPOugRidaX^dpx^g^°' y'-detgap + 


+ ToidMCP^drX^daX^ - C^^^^Opx^] = 0 , 


(2.7) 


where Tpi = 2 ^- This is the form of the equation of motion for Dl-brane that we will be 
our starting point. If we now return to the specific background given in , we see that 
since the background depends on r through its square we find that the equation of motion 
for constant r has the form 




r = 0 


( 2 . 8 ) 


that has solution r = 0. In the same way we can show that the equations of motions for 
(p and y have the solutions (^ = '0 = 0. In other words we will not consider solutions with 
non-trivial behavior on deformed 5^^^. 

2.1 Static Solutions 

Let us now consider the static Zll-brane solution when we assume the following ansatz 


so that 


x° = T , x = cr, p = p{x) 


_ _ . I2 I _ 

gri - gtt 1 gaa — 5xx T gppP ) P — 


(2.9) 

( 2 . 10 ) 
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For this ansatz the equation of motion for = t is obeyed automatically. In order to solve 
for p it is more convenient to consider the equation of motion for x since the background 
fields do not depend on y explicitly. Then, we obtain 



Zlin2n 

rp2 axx ! -;- 

^ Di v9xx~^9ppP 


+ C. 


( 2 ) 


xt 


C ,C = constant . 


( 2 . 11 ) 


From given equation we derive the differential equation for p in the form 

,2 1 [ 

( 2 . 12 ) 

In the following, we will solve this equation for different background fields by considering 
two a-families. 


2.1.1 The case a=0 

Let us begin with the case a = 0 so that we have the following background fields 


e 





.( 2 ) ^ _ 

L 


2 


Then ( 2.12|) gives 


P'^ = 




C2(l + ^) 


-P\l-^,P^){1 + ^) 


L2' 


(2.13) 


(2.14) 


This equation can be integrated at least in principle. However, when we choose C = L the 
given equation simplifies considerably 



(2.15) 


that has a solution 


_ 1 

(j|^n2 + K2)COs2(x-X0) 

(2.16) 
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We choose the integration constant by requiring that Dl-brane approaches p ^ oo for 
X ^ 0. Hence, the final result is 


P 


2 


L2 1 



(2.17) 


Surprisingly, we find that there is only mirror modification of the static solution of Dl- 
brane in AdSs background with non-trivial RR fields that is presented in appendix (|A|), 
where this modification is given by the presence of the deformation parameter k. Further, 
we also see that Dl-brane can be stretched through the singularity Pc = ^ and can reach 
/? —)• oo. This is very remarkable result especially in the light of the solution that we find 
in case a = 1. 


2.1.2 The case a=l 


In this case, the relevant components of the background fields at r = 0 are 


e 


- 2 $ 


1 


1 — K 


2 ’ 
TA 


^(2) 


\/l + K? 


Again (|2.12D gives 


(2.18) 


(i + l^)V(^ + ^n2) 

P - P l2)A+ ^2) 


{C + 


7 ^ L 


(2.19) 

We simplify this equation by choosing C = Hence, the previous equation has the 

form 


PmaxPmin 


dp 


Piphax- P^)\lP^ - P\ 


2 

min 


= dx 


where 


2 2 

Pmax 2 ’ Pmin t ^2 

^ (1 + K2)n2j^ 


( 2 . 20 ) 

( 2 . 21 ) 


Solving this equation, we get 


tan 


-1 


Pmax 


+ 


Pmin 


: In 


^ / Pmax Pm 


Pmax 


+ \ P - Pn 


Pmax Pmin 


P^ — P^ ■ 
r rmin 


= X - Xo 


( 2 . 22 ) 
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We choose the integration constant xo in such a way that for p —>• pmin , X ^ f • Then we 
obtain 

Xo = I • (2.23) 

From ( p.22D , we see that Dl-brane does not reach the maximum value Pmax for x in the 
interval x £ (0)27r). More precisely, Dl-brane reaches the maximum value at pmax for 
X ^ — oo that implies that Z?l-brane has to wrap compact x direction infinitely many 
times. We also see that now Dl-brane does not cross the singularity ai pc = ^- In 
summary, we see qualitative different behaviors of these two solutions corresponding to the 
cases a = 0 and o = 1. We will also see this difference in case of pure time-dependent 
solutions that will be analyzed in the next section. 


3. Time-Dependent Solution 

In order to find time-dependent solution, we consider an ansatz 


t = T ,x = ,P = P{t) 


(3.1) 


so that 


9ti — 9tt + 9ppip) ) 9(7(7 — 9xx • 


(3.2) 


For such ansatz, we find that the equation of motion for x is automatically obeyed. On 
the other hand, the equation of motion for t gives 


4-2^ -b ^n2 


9tt^j9xx 


„ XX _— = C ,C = const 

rbi ^-gu-g„{pf * 


that implies following differential equation for p 

\/—9tt 


P = 




T2 
-r TT-I 


1 + 


9u9xxie-^'^ + ^n2) 


(C^ + 


(2)^2 


(3.3) 


(3.4) 


In the following we will consider two different one-parameter a-families of background fields. 


3.1 The case a=0 

Substituting the fields of ( |2.13|) in (il)> we obtain 


P = + 


\ 


^ _^ ^D1 




(3.5) 
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Let us impose the condition C = L that simplifies the given equation considerably. For 
this condition, the turning point at which p = 0 will be at 


Pmax — 


L 



(3.6) 


which is less than —. Hence, we see that in this case the Dl-brane does not cross the 

K, ’ 

singularity at pc = 


On the other hand let us consider the case when H = 0. From (3.5), we obtain 


P - (1 + 


1 - 






(3.7) 


It seems interesting that now the expressions containing the deformation parameter k 
disappear. The turning point is at 

plp. = ( 3 - 8 ) 

this implies that in order to have real solution we have to demand that C < ^. For C = ^, 
we realize that the Dl-brane reaches p ^ oo asymptotically. More explicitly, in such case 
we can easily integrate the differential equation with the result 

2p — Ltan“^ y = t , (3.9) 

Jj 

and we see that for f —)• oo ZDl-brane approaches {p = oo). 

Finally, for C > ^ the Z?l-brane reaches p ^ oo since the expression under the square root 
is then always positive without any restrictions on the radial coordinate p. In other words, 
Dl-brane with zero electric field can probe the space-time beyond the singularity Pc = ^ 
as well. 


3.2 The case a=l 

In this case, substituting the fields of (p.l8) in (3.4), the differential equation has the form 


p- (1 + ^) 


\ 


1 - 


(1 + + §;-n2(i - 


(3.10) 


We are interested in the special case when H = 0. In this case, we find the turning point 
at 


-{2CA - 1) ± ^{2CA - 1)2 - 4C2(H2 - ^) 
2(^2 - -^) 


(3.11) 
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where A = - C^. After the analysis of the expression under the square root 

(the discriminant), we realize that it is always positive. Then we have to consider two 
cases. 

In the first case, < 0 then to have an overall positive quantity, we require a 

condition 


, , \/l + — 1, , \/l + ^ \ \ 

C € (L( -3-),L(-3-)) 


In the second case we have > 0 that gives 


(3.12) 


„ / r /' T ~ 1N . I / r / Vl + + 1 N 

C € (-oo,L( -2-) U (L( -2-’OO) 

i^Zr 


In this case however we have also to demand that 


(3.13) 


2CA - 1 < 0 


(3.14) 


that implies 


C e [(-OO, ^(Vl + - \/l- K^) U (^(\/l + K? + Vl - k2),Oo))] 


(3.15) 


Now, however we find that the second condition is always obeyed since the second interval 
is included in the first. Therefore, there always exist real roots corresponding to the turning 
points pr.t.- 

Let us try to determine the value of the turning point for large ^ S> 1 (large energy 
limit). In this case, we can write A ~ and we obtain 




l2 LVin^\ 

2C‘^k‘^ C 2k2 j 


(3.16) 


so that when we restrict to the terms linear in ^ <C 1 we obtain two roots 

2 _L^ ( L ViT^\ 2 _ ^ ViT^\ 

Pmax 2ac2 j ’ ^ C 2k^ j 


In other words we find two situations. In the first case Dl-brane is in the region below the 
singularity pi = ^ and can reach its turning point at /O^in then it returns back. In 
the second case, Dl-brane is in the region p^ > p^^x i-®- beyond the singularity. However, 
it is important that in both of these cases, Dl-brane cannot go through the singularity. 

Finally, we compare this result with the analysis of the time-dependent solution of 
the fundamental string in K-deformed background. Recall that the fundamental string is 
described by the Nambu-Gotto action 

S = -Tpi [ dTda^/-detgap ,gap = gMNdaX^dpx^ . 
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The equation of motion for t for the time dependent ansatz again implies 


gttg"'"\l-gxxidtt + gppP^) = C ,C = constant 


(3.18) 


Solving given equation for p we obtain 


. 1 ,, , p\ {pl-p^W + pl) 

^— 




(3.19) 


where 



P+ = 


(1 + K Jj) + Y (1 + 


Note that for large C, p- has the form 


1 


L2 


pt=L\— - -^) 


(3.20) 


We see that the allowed regions for the propagation of the string is (0, p^) and (^, oo). In 
other words, strings cannot cross the singularity aX, p^ = ^ when it is originally confined in 
the region around the point p = 0. On the other hand, for ^ <C 1 we obtain ~ <C 
and the string is conhned in the region around p = 0 there is no sign of the deformation of 
the target space-time. 


4. Conclusion 

In this paper we have studied the dynamics of Hl-brane in K-deformed AdS^ x back¬ 
ground with non-trivial dilaton and Ramond-Ramond fields |^. We have found that the 
background with a = 0 possesses many interesting properties. We have shown that the 
static solution of Zll-brane in the presence of RR-charges can reach p —)• oo limit of the 
deformed AdS^ x space-time and that given solution is a slight modification from the 
AdS Zll-brane solution in undeformed AdS^ x background with Ramond-Ramond flux 
that is found in Appendix (^). Moreover, it is also very interesting that the time dependent 
solution does not see the presence of the singularity at pc = ■§. In other words, Zll-brane 
in deformed AdS^ x space-time can cross given singularity and reach p oo. Hence, 
Zll-brane can be considered as natural probe of given space-time. 

These results are in sharp contrast with the case a = 1 where we have shown that the 
Zll-brane does not reach the singularity. Explicitly, it was shown that in such conditions the 
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Dl-brane can move in the region beyond the singularity or in a region below the singularity, 
but it can not cross the singularity in both situations. The latter result was confirmed by 
analyzing the dynamics of the fundamental string in given background. Again, it was 
demonstrated that a string originally confined in the region around /9 = 0 can not cross 
the singularity. 

We have further examined the static gauge ansatz of pL>l-branes bound to q fundamen¬ 
tal strings with non-trivial NS-NS flux in global coordinates. After solving the equations 
of motion, we were able to generalize Bachas result |l^ for the constant C that determines 
the radius of AdS. We have shown that C is proportional to the number of fundamental 
strings in the bound state and inversely proportional to the number of Dl-branes. Fi¬ 
nally, we considered the time-dependent solution of pDl-branes bound to q fundamental 
strings in the same background. We were able to show that in the limit ^(p,g) qTf the 
fundamental string can indeed reach p —oo. 

The present analysis can be extended in various directions. First of all it would be 
very interesting and challenging to study the dynamics of pIDl-branes in the K-deformed 
AdS'i X with complex deformation parameter. Further one can try to find the complete 
solution with arbitrary parameter a then proceed with a similar analysis as we did in this 
paper. It would be also interesting to perform analysis of Dl-brane and fundamental string 
configurations that could describe Wilson loops in dual field theory. We hope to return to 
these problems in future. 
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A. Dl-brane as Probe of AdS'a x Background with Ramond-Ramond 
Background 

In this appendix we consider the static solution of Dl-brane equations of motions in the 
non deformed AdS^ x background with non-zero Ramond Ramond held. Let us be 
more explicit and consider the case of the near horizon limit of D1-D5 brane system that 
in global coordinates has the form ^ 

ds^ = -(1 -b ^)dt^ + (1 + + p^dif'^ + 

-b L^{d6‘^ + cos^ 9d4>^ -b sin^ ddx^) , 
e'*’ = 7^^ , , G® = Qs sin^ 6 , 

(A.l) 

®We follow the conventions used in 
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where (/?, (j), x, Um £ [0, 2tt\ and 9 G [0, vr] and where 


7^2 = 



— \/Q 1 Q 5 ■ 


The equations of motion for Dl-brane in given background have the form 


(A.2) 


Tpi e '^dugRidaX^d/sx^g^'^deig _ ^ 

2 x^-detgaj3 - {2TTa'YF^^ 

- «9a[C'MAr9/3X^e“^] = 0 , 

while the equation of motion for again implies 

e~^{2'Ka'y‘Fro 
^/-deiga0 - {2'Ka'Y{FraY 


Tpie ^gMNdpx^g^^'deig 

y^det5^^72^iT7)2^ 


(A.3) 


(A.4) 


Let us now presume an ansatz where the ZDl-brane is wrapping r and ip directions and 
where p = p(cr), 

= T ,ip = a ,p = p{ip) (A.5) 


where we use the notation = T,a^ = a keeping in mind that a is dimensionless. For the 
ansatz (A.5), the equation of motion ( |A.3| ) for M = 0 is automatically satisfied while that 
of (/? implies 




6 Qipip'J '99 


j_rp Q5 2 

+ TdijjP 


C ,C = constant 


that can be solved for p' as 


P 


12 


C'2(l - ^p2)2 



(A.6) 


(A.7) 


rp2 

^D1 


where K"^ = ,7 

such a way that 


and where now p' = ^. Let us now choose the constant C in 
C = -KL (A.8) 


when the equation above simplihes considerably 

and hence we find the solution 

p 2 ^ ^2^2 1 

L2 1 — C0s2((y9 — (^ 0 ) 


(A.9) 


(A.IO) 
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We again choose the integration constant that for y? ^ 0, the system approaches p —)■ oo 
so that 


L2 


1 Th, 


1 


(A.ll) 


n2 sin2 ip ■ 

This is the solution corresponding to AdS Dl-brane in AdS^ background with non-trivial 
RR fields. In the next appendix we show that given configuration is S-dual to the specific 
bound state of Dl-branes and fundamental strings in AdS^ background with non-trivial 
Bns two form. 


B. pDl-branes in AdS^ with B^s field in global coordinates 

Let us now consider a collection ofpDl-branes in AdS^ background with the metric 

1 


ds^ = -(1 -I- ^)dt‘^ + 


dp^ p^dx^ 


l + £ 


,2 


(B.l) 


but with non-zero Btvs held in the form 


P 


B = -j-dx A dt . 


(B.2) 


Since we are interested in the collective dynamics of the bound state of p Dl-branes it is 
clear that given action is the standard DBI action multiplied with the number p so that 


S = -pTm f drda^J-detpap - {Ka + 2TTa'FraY ■ 


(B.3) 


Note that the equations of motion for that follow from given action have the form 




pToi 


PMNdpx^ gd’^detpap 


+ 


pToi dMPKLdaX^dpx^gd^detgap 


-pToidr 


^-deigocP - {Ka + 27ra'Tra)^J 2 yZ-detfira/S - {hra + 2'Ka'FraY 

{bra + {27ra')Fra)bMNdaX^ 1 ,^ 01 " + {2TTa')Fra)bMNdrX^ 


yj-daipap - {bra + 2T:a'Fraf 


+ pTDlda 


yj-detpcp - {bra + 271 a'F-ra)" 


+ 


I pT^^ (bra + {2TTa')Fra)dMbKLdrX^dgX^ ^ ^ 

\/ dAjPfxp (brer T 27m 


The equation of motion for A^ implies 

-|- 2Tra' Ft. 


pToi 


^y-detgap - {bra + 2'Ka'FraY 27ra' 


(B.4) 


(B.5) 


where q is the number of fundamental strings bound to p Dl-branes. Note that using the 
previous result we can express bra + (27rQ;')FT-o- as 


r. , _ QTFiy^-detg^p 

bra “1“ (27rO; jF-j-a — j - 


(B.6) 
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Let us now choose the following ansatz 


t = x = cr ,P = P{cr) ■ 


(B.7) 


In this case we find that the equation of motion for t is automatically obeyed while the 
equation of motion for y implies 




where C is a constant. From given equation we obtain differential equation for p' 


P'^ = 


p\l + h? 


{C- 


qTpi 


If we choose the integration constant C to be equal to 

LqTpi 




(B.8) 


(B.9) 


C = - 




(B.IO) 


FI 


we find simple differential equation for p 


that has solution 


( Ip^p'^tI, ^ 

(B.ll) 

p _ qTpi 1 

L pTm sin y 

(B.12) 


which is the generalization of the solution found in |^| to the case of the bound state of 
p Dl-branes and q fundamental strings. Note that the special case when we have p = 11 
Dl-branes and (7 = 1 fundamental strings is S-dual to the solution found in the previous 
section which is the bound state of single Dl-brane and 11 fundamental strings. It is also 
instructive to consider time-dependent solution corresponding to the motion of the bound 
state of pDl-branes and q fundamental strings in given background when we consider an 
ansatz 

= T , p = p{t) , X = ct . 


Then the equation of motion for t implies 

-deipap - qTpihx = C 

and hence we obtain 

L , {p^Tl-^ + q^Tl^)gttgxx 


P = 




'1 + 


(C - qTpiht^Y 


(B.I3) 


(B.14) 


(B.15) 
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For the background given in (BJ.) and (B^) we obtain that there is a turning point at 

- 2%qTF^) + yj+ q^T^p, - 2^qTF,y + 


P = 




(B.16) 

Note that there is a special formal case when p = 0 when the turning point occurs at 




qTpiiqTpi - 


(B.17) 


We see that given turning point is real when C < 2^^^. We also see from dB.lTl) that the 
string can reach p ^ oo when 

Ccr = \TfiL . (B.18) 


In fact, it is easy to see that for C > Ccr, the expression under the square root in (|B.15D is 
always positive for all p. Hence, for C > Ccr and for p the given configuration can always 
reach p —)• oo. 

Finally, we would like to compare the given result with the analysis of the motion of 
fundamental strings in the given background. Recall that the dynamics of the classical 
string is governed by the Nambu-Gotto action 


Sng = -Tfi j j d.a[s/-detpap + BMNdaX^dpx^] 

where e'^'^ = —e'^'^ = 1. Now the equation of motion of takes the form 
da [gMNdpx^g^^^yZ-detgap + C^^BMNdpx^] = 0 . 

Consider the time-dependent ansatz as in case of Dl-brane 

= T ,X = (^ , Paa = Pxx ^ Ptt = Pit + Pppipf • 

Then the equation of motion for y is obeyed automatically while that for t implies 

p . a 4,a _ 


(B.19) 


(B.20) 


(B.21) 


(c + h)^ 


(B.22) 


Now the expression on the right has turning point at 


P^ = 




1 - 2 ^ 




(B.23) 
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(B.24) 


Let us try to integrate the equation of motion for C = ^ when we obtain 

(1 + 2 ^) 

dp — , = dt 


l + £ 


,2 

7 ? 


Integrating both sides we obtain 


L2 


— 1 + \/l + (t — to)^ 


(B.25) 


and we see that given string reaches p = oo in the limit t —?• oo. It is also easy to see that 
for C > L/2 there is no turning point and fundamental string always reaches p ^ oo which 
is well known fact jl8]. 
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